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The Electron-Ion Collider

Jefferson Lab

_BROOKHRVEN

http://www.physics.rutgers.edu/np/2007irp-home.html

Unanimous recommendation of the
QCD Town Meeting,
Rutgers University, NJ,
January 13, 2007

A high luminosity Electron-Ion Collider (EIC) is the highest
priority of the QCD community for new construction after
the JLab 12GeV and RHICII upgrades. EIC will address
compelling physics questions essential for understanding
the fundamental structure of matter:

O Precision imaging of the sea-quarks and gluons to
determine the spin, flavor and spatial structure of
the nucleon.

O Definitive study of the universal nature of strong
gluons fields in nuclei.

This goal requires that R&D resources be
allocated for expeditious development of
collider and detector design
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The Electron-Ion Collider I

O EIC Whitepaper P |
A High Luminosity, High E

O Input for the NSAC

LRP 2007 process lectro

fon-Collider!

p

;'fl zental Quest to Study the
That Binds Us All

NSAC: Nuclear Science Advisory
Committee —

LRP: Long-Range Planning The Electron Ion Collider C tion
‘4 March 27, 20
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Physics Opportunities
with
e+A Collisions
at an
Electron Ion Collider

e+A White Paper Draft 2.0
EIC Collaboration

March 9, 2007
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The Electron-Ion Collider

Massachusetts Institute of Technology

Accommodation | Laboratory for Nuclear Science
6-7 April, 2007 i

Transportation The meeting is hosted by the Laboratoryﬁjr Nuglear Science ‘at MIT with support from

Brookhaven National Laboratory and Thomas Jefferson National Accelerator Facility.
Registration il The primary aim of this meeting is to discuss the science case :ing a-c lerator http://www2.lns.mit.edu’/eic
parameters for a future electron-ion collider in preparation for the Long Range Plan :
Attendees Writing Group meeting in early May. We also hope that this will rstin a series

of regular meetings in realising the future electron-ion collider ments.

Please register as soon as possible as space may be limited and we need to make
plans according to the number of participants expected. In particular the spa:qﬁl rate
negotiated with the hotel is only guaranteed until 9 March. When you register please
indicate whether or not you would be interested in attending a no-host, group dinner
Friday evening.

Introductory documentation and copies of presentations will be available from the
Presentations page as they become available. EY

The links in the menu to the left should provide all the information necessary.
Otherwise please contact us directly.

Presentations
Computer Access

Contact Us

Useful Links

-

_

wrnccr:  BROOKHRVEN  joffordon Lab

INSTITUTE OF
TECHNOLOGY
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Outline

O Future opportunities: O Future opportunities:
Polarized ep physics Low-x physics

O Concepts and
Status

O Summary and
Outlook
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O How do we probe the structure and dynamics of matter in ep / pp scattering?
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O What do we know about quarks/gluons? Momentum contribution to proton
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O What do we know about quarks/gluons? Spin contribution to proton
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B. Adeva et al., SMC Collaboration, Phys. Rev. D58 (1998) 112002.
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O Recent global

analysis (FS)
including inclusive
and semi-inclusive
polarized DIS data

Anti-quark (u/d/s)
distributions and
gluon distributions
unstrained

Important future
constrain from:

RHIC-SPIN and EIC

1
Aw(@) = | Aae.@)da

04r

0.04 |

b m(Au+AT) \

104

o x(Ad+Ad)
0.06 0.06
xAl I xAd xAs — KREINLO) ] 04
=== KKP(NLO) '
- unpolagized
- P 4 9
i Kﬂxﬁiq 0.02

0.02 | 1t
0.02 \/J I
004 |

006 L

1E -1 0
I T~ L.

-0.04

-0.06

10~ )
X,

AG(Q?) = /O Ag(z, Q%)da

AGS-RHIC Users Meeting, Workshop ‘The Future of RHIC and the physics at eRHIC’
BNL, Upton, NY, June 20-22 , 2007

xBj

D. de Florian et al., Phys. Rev. D71, 094018 (2005).
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O Polarized fixed-target experiments and polarized pp experiments

* COMPASS, open charm A G=0.34
Y COMPASS, high p , Q%<1 GeV?
v COMPASS, high p., Q*>1 GeV*
™ SMC, high p_, G>1 GeV?® 0.2 C
c 0.8 [ A HERMES, hirgh P, hadron pairs, all Q°, published (2000). j |
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O High-pt and open charm polarized DIS data: LO extraction of A

gluon polarization Large gluon

- polarization in

O RHIC-SPIN: Recent data important constrain on gluon polarization measured kinematic
(Global analysis needed!) region disfavored
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O How do we probe the structure and dynamics of matter in eA / pA scattering?
Y, =1+ -y)
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Important: Complementary probes are required
for unambiguous extraction of observables in
high-energy density QCD regionl!
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O Low-x basics
O Access higher parton density system

B Larger center-of-mass energy (/s): Smaller x at larger /!

fixed-target < collider
B
Tope z~ X Vs = /iEy. Bu,
Par';icle target detector ° e defector particle
B Forward direction: Smaller x at larger at larger n! (n % 0)
'n" lf‘\ A
central ‘—»b (_@ ey ggfe—’-'? forward & @
(n % 0) Vs (nlarge) —— >3
vV

B eA vs. ep scattering: Probe higher parton density system in eA compared to ep!

......... :> :> ~ Al /3
e P
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H Low-x basice Y =1n (1 )A CGC: Color-Glass-
O Dynamics: DGLAP / BFKL and CGC Condensate

Qs(Y)

S
o 10¢

BK/JIMWLK

0.1L

| Kowalski and Teaney Phys.Rev.D68:114005,2003
IIIIIIII IIIIIIIII 1 IIII

102 10° 10 10°  10° >
1/x 2 2
2: Saturation scale = Characterize transition t Aaop ¢
Qs¢: Saturation scale aracterize 1r'an ition to Bt N o, < 1
: -
saturation region! Qg ~ 5 7Gx, Q2) -~
. DGLAP: Evolution in Q2

Enhanced for eA compared to ep: Al/3g=9 BFKL: Evolution in x
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O RHIC dA scattering at forward n
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O Forward identified hadron production at RHIC in dAu collisions: Sizable suppression of

yields for charged hadrons and neutral pions observed

O pQCD+shadowing calculations over-predict hadron yield suppression. Is this an indication
for gluon saturation in Au nuclei?

O More RHIC dAu are expected with enhanced detector capabilities (PHENIX/STAR)

AGS-RHIC Users Meeting, Workshop ‘The Future of RHIC and the physics at eRHIC’
BNL, Upton, NY, June 20-22 , 2007
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Concepts and Status: Low-x Physics

a Fixed-Tar‘geT SCGTTZf‘ing < E Nuclear DIS & DY data:
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Future Opportunities

O Kinematics

O Comparison HERA / EIC / Fixed-target experiments

N/'\
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1 ¥
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O Kinematics

O Acceptance

[{lﬁ“
4
107
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O Facilities - Detector concepts
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J. Pasukonis, B. Surrow, physics/0608290

Concepts:

Positron Hemisphere

EM calorimeter end-wall at -360cm

EM barrel calorimeter
covering z=t70cm

EM catcher calorimete:
at z=-110cm

EM catcher calorimete:
at z=+110cm

Proton Hemisphere
EM and hadron calorimeter -’
end-wall at +360cm

I. Abt, A. Caldwell, X. Liu,
J. Sutiak, hep-ex 0407053

O Focus on the rear/forward acceptance and thus on low-x / high-x physics (Compact system
of tracking and central electromagnetic calorimetry inside a magnetic dipole field and

calorimetric end-walls outside

O Focus on a wide acceptance detector system (Compact calorimeter system)

AGS-RHIC Users Meeting, Workshop ‘The Future of RHIC and the physics at eRHIC’
BNL, Upton, NY, June 20-22 , 2007

Bernd Surrow



20

O Unpolarized ep/eA physics

o

o

Precision measurement of F, at low x: Transition from

hadronic to partonic behavior

Precision measurement of the longitudinal structure

function F|

Precision measurement of F, at high x

Measurement of diffractive and exclusive reactions
DVCS

Precision measurement of eA scattering

AGS-RHIC Users Meeting, Workshop ‘The Future of RHIC and the physics at eRHIC’
BNL, Upton, NY, June 20-22 , 2007

e i

Inclusive measurement
involving electron at small
polar angles (*10mrad)

Inclusive measurement
involving electron (Low x) -
Variable /s

Inclusive measurement
(hadronic final state in forward
direction): Good forward
acceptance

Forward p tagging system

Forward p tagging system -
photon/electron discrimination
Variable /s and positrons

Similar to ep case at low x -
High x: Forward acceptance -
careful study necessary!

Bernd Surrow



Future Opportunities: Low-x physics

O Observables: Nuclear structure function ratios

EIC (10 GeV + 100 GeV), JLdt= 4/A b
1.2 T ] L R T T ik’ L T JmERLL| TorrTT

o F, will be one of the first
x=0.006

o 1 2 TN I RN R e e e e PP PPRRPRIPPPPOSS —

measurements at EIC

O nDS, EKS, FGS:
pQCD models with different

amounts of shadowing

EIC will allow to

distinguish between

pQCD and saturation

d?o 2ra?Yy Y model predictions
dydQ)?

AGS-RHIC Users Meeting, Workshop ‘The Future of RHIC and the physics at eRHIC’
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Future Opportunities: Low-x physics

O Observables: Longitudinal structure function
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O  FL measurement requires
operation of EIC at
different center-of-mass

energies (Js)

O Precise measurement
from low to high Q°

region

Unique measurement at
EIC of FL with high
precision in ep collisions
to constrain gluon
distribution

YD

22
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Future Opportunities: Low-x physics

O Observables: Ratio of nuclear gluon distribution function

O EIC will reach the unmeasured

$ 125 (@) 132438 5795 17 2841 66 125 low-x region (<0.01) with high
8 . 74 4 precision for Q*1GeV?
To RN I} i s v o e

O Constrain gluon modification
due to nuclear effects in

comparison to large range of

- models
0.4r
C row HWING EIC will measure
i 1 i it i TENEE 1 Lol ! e 4 T
10-4 10-3 10—2 10-1 mOdifiCGTion Of gluon
, , ) 0 X distribution with high
d“o 2mafYy Y B ~*p
(dde2> TAL (F2 - Y_+FL) b= A2 AT & precision!
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Future Opportunities: Low-x physics

O Observables: Diffractive measurements
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X1p = momentum

fraction of the
Pomeron with respect
to the hadron

B = momentum fraction
of the struck parton
with respect o the

Pomeron
Xmp = X/
EIC allows to

distinguish between
linear evolution and
saturation models in
diffractive scattering
with high precision

Bernd Surrow
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Polarized ep physics- Future Opportunities

O Polarized ep physics

O Precision measurement of gP, over wide range in Q2

O Extraction of gluon polarization through DGLAP
NLO analysis

O Extraction of strong coupling constant

O Precision measurement of g", (neutron) (Polarized 3He)

O Photoproduction measurements

O Electroweak structure function g5 measurements

O Flavor separation through semi-inclusive DIS
O Target and current fragmentation studies

O Transversity measurements

AGS-RHIC Users Meeting, Workshop ‘The Future of RHIC and the physics at eRHIC’
BNL, Upton, NY, June 20-22 , 2007

S e

Inclusive measurement -
electron (Low x) and hadronic
final state (High x) over wide
acceptance range

In addition: p tagging in
forward direction

Jet production and small-
angle e tagger

Hermetic detector
configuration / e  and e’
Missing energy measurement

K/ separation - particle ID -
Heavy flavor - Secondary
vertex reconstruction and J/

Psi (Forward muons)
Forward acceptance:
Tracking and calorimetry

Bernd Surrow



Polarized ep physics- Future Opportunities

O Observables: g, as a function of Q2
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O Ee=76eV and Ep= 1506eV

O Luminosity: 5fb?

EIC allows a precision
measurement of gy
over wide range in Q?
compared to previous
experiments
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Polarized ep physics- Future Opportunities

O Observables: gl, as a function of x
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O E.=76GeV and E, = 150GeV

O Luminosity: 5fb!

EIC allows a precision
measurement of g, at
lower x values
compared to previous
experiments

Bernd Surrow
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Polarized ep physics- Future Opportunities

O Observables: Quark flavor distributions
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O Semi-inclusive DIS (Tagging of identified hadrons)
O Also: W/Z exchange
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Summary and Outlook

O Status and Concepts

o

(o)
o)
O

HERA: Precision structure function measurements (F2) at low x
At low Q? and low x: DGLAP (Leading twist) approach leads to valence-like gluon behavior

Diffraction: Important contribution to overall ep event yield

Dipole model: Allows to describe inclusive and diffractive measurements. Reach of
saturation region at low x not conclusive

Lesson: Optimize any future EIC efforts for acceptance and luminosity

eA: No information in low-x region

dAu results at RHIC: Can saturation account for observed behavior? Complementary
probes important (RHIC/LHC)!

Important constrain on gluon polarization at high-x from semi-inclusive polarized DIS and
RHIC-SPIN program - Complementary to EIC

AGS-RHIC Users Meeting, Workshop ‘The Future of RHIC and the physics at eRHIC’
BNL, Upton, NY, June 20-22 , 2007 Bernd Surrow
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Summary and Outlook

O Future Opportunities

O EIC: First polarized ep collider - Precision measurement of polarized gluon distribution at

low-x and quark flavor structure
O EIC will allow to study the physics of strong color fields
O Required: EIC at high luminosity and optimized detector

O EIC will allow to bridge several QCD communities (Hadron structure and Relativistic

Heavy-Ion)

O Unique opportunity in precision QCD physics (The QCD LAB) complementary to other
next generation facilities in Europe (LHC at CERN, FAIR at 6ST) and Asia (J-PARC)

AGS-RHIC Users Meeting, Workshop ‘The Future of RHIC and the physics at eRHIC’
BNL, Upton, NY, June 20-22 , 2007 Bernd Surrow



